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Abstract. 2014 We discuss some of the puzzling features associated with the possibility of a statisticschanging phase transition.
J. Phys. France 50 (1989) 1623 The physics underlying the possibility of having fractional statistics in (2 + 1 ) dimensional spacetime [1] [2] [3] is exceedingly simple. We begin with a brief review. Given a Lagrangian Co with a conserved current Ju, we can always introduce additional gauge interactions [4] according to ( Note that Au is not to be identified with the electromagnetic gauge potential. It is simply a gauge potential responsible for generating fractional statistics.) To define a, we assume that Ju, is suitably normalized. The gauge potential is then determined by Let there be an object which carries qo units of the charge qo = d2x JO. Take the object as sitting at rest. Far away from this object F12 = 0 according to equation (2) and so the gauge potential A. is a pure gauge. However, it must be topologically nontrivial since [4] where C is a contour encircling the object. Thus with k an integer, these objects, if they were bosonic in 0 7T 2 k + 1 ) the Lagrangian £0, would behave as fermions, and vicie versa. Physically, the charged particle is « dressed » by its coupling to the gauge potential and carries with it a long ranged and topologically non-trivial Ai.
Strictly speaking, H should be regulated, as had been discussed recently [5, 6] . One approach would be to « spread out » the delta function in equation (6) . In particular, we can take [2] J IL (x ) to be the topological current of an SO(3) nonlinear o-model and then H would be the Hopf invariant discussed in references [2, 7] . The value of H can then be determined by relating the Hopf invariant to the linking number [2] between the trajectories of particle 1 and particle 2.
In the above we have calculated directly the phase associated with the exchange of two particles. It is also instructive to determine this phase by calculating separately the interaction of one particle with the gauge potential of the other, along the line suggested by equation (3) and equation (4) . We define a total current J£tot as the coefficient of auf, in the variation of the action under the change Au -&#x3E; Au + 8,,f. Thus we have
The difference between Jutot' and Ju, may be thought of as the effect of vacuum polarization due to the presence of the charged object. Another way of seeing the necessity of the second term in equation (8) is simply that according to the last term in equation (1) the gauge potential generated by one particle interacts also with the gauge potential generated by the other particle. The total charge of the object is then Effectively the gauge field also carries charge and the total charge is equal to 1/2 of the bare charge qo. We must keep track of this factor of 2 lest we run into potential confusion.
We now calculate the phase factor induced in the wave function when an object of total charge q' moves slowly around this object of total charge q. The contribution due to the charge q' moving around in the gauge potential generated by the charge q (with Ao = 0 and Ai given as in equation (4)) is given by
We have to multiply the phase by two to take into account the effect of gauge potential generated by the moving charge q' on the charge q. Thus, the actual phase factor is eiQÓQo/4 a. Let qo = q' 0 = 2 q' = 1 as before. Under interchange of the two objects (half-way around the contour), we have the phase factor e i/8 a. This agrees with our preceding calculation.
If we want to regard particles carrying fractional statistics as particles with charge q and flux 4J, so that the phase factor when a particle with charge and flux equal to (q, 4J) goes around another with (q, 0') is equal to q 0' + q' 4J, then charge must be defined as in equation (9) .
The argument is completely general and goes through regardless of whether J IL is the current of a point particle, the U (1 ) [10] with 0 (x) &#x3E; V ei cP as x -oo, finite energy considerations force the gauge potential Ai to be equal to ai6 as x -oo rather than as given in equation (4) . Their It is far from clear whether the considerations presented here will remain a field theoretic phenomenon or will be of relevance to real condensed matter systems [11] . For one thing, the circumstances that may allow a condensed matter system to be described by equations (11) or (12) may no longer hold at high temperatures.
